The has1 mutation is a new chc1 allele in Arabidopsis 160
The has1 (hot ABA-deficiency suppressor 1) mutant was originally identified in an 161 infrared imaging screen of a γ-ray mutagenized population of the ABA deficient 3 (aba3-162 1) mutant. The has1 aba3-1 double mutation suppressed the cold leaf phenotype 163 associated with increased transpiration in the original aba3-1 mutant. Fine mapping 164 localized the has1 mutation to a region on the lower arm of chromosome 3 between 2.1 165 and 3.7 Mb (Plessis et al., 2011) . After backcrossing to wild type (Col-0) and segregation 166 of the aba3-1 mutation, the has1 mutant was shown to have defects in stomatal responses 167 to ABA, which conferred a water-stress tolerant phenotype (Plessis et al., 2011) . With 168 further mapping, we have reduced the interval to 0.4 Mb and next-generation DNA 169 sequencing of has1 aba3-1 identified a five-nucleotide deletion in the 23 rd exon of the 170 clathrin heavy chain 1 (CHC1) gene (At3g11130) that introduces a frame-shift and 171 produces a premature stop codon into the CHC1 gene ( Figure S1 ). To confirm the has1 172 mutant as a chc1 mutant, we included other chc1 mutant alleles and those of a close 173 family member, CHC2, to explore their effects on secretion and the connection between 174 clathrin-mediated endocytosis and plasma membrane transport. When gene-specific 175 primers (Kitakura et al., 2011) were used with genomic DNA from wild type (Col-0), 176 chc1-1, chc1-2, chc1-3, chc2-1, and chc2-3 mutants, PCR products could only be 177 amplified from the wild-type template, while the products amplified using the T-DNA 178 left boarder-specific primer with gene-specific primers were only observed in the mutant 179 lines ( Figure S1B ). These results indicate that gene transcription in the chc mutants is 180 completely disrupted and each of the chc mutant alleles is a null mutant. There is no effective antibody specific to the CHC1 protein; therefore, we used RT-PCR and the 182 same gene-specific primers to amplify cDNA products and confirm that gene transcripts 183 are not present in these mutants ( Figure S1C ). These data are consistent with Kitakura et 184 al. (2011) and again show that the mutant lines are null mutants in the CHC1 or CHC2 185 genes. These mutants are unlikely to produce a full-length protein product and therefore, 186 we used at least one representative mutant for each CHC gene in the subsequent 187
experiments. 188 189
The chc1 and chc2 mutants have reduced rates of endocytosis 190
We compared the rates of endocytosis in wild type (Col-0), chc1, chc2, has1, and induced 191 HUB1 dominant negative mutant seedlings grown in liquid culture by measuring the 192 internalization of the styryl dye, FM4-64 over time in epidermal root cells using laser 193 scanning confocal microscopy. The HUB1 lines express a truncated form of CHC1 under 194 the control of a tamoxifen-inducible promoter. When the HUB1 fragment is expressed, it 195 binds together with endogenous clathrin subunits to form a non-functional lattice that 196 cannot produce a vesicle coat (Liu et al., 1995) . Thus, expressing the HUB1 fragment 197 effectively blocks all clathrin-mediated endocytosis (CME). To induce the expression of 198 the HUB1 fragment, seedlings were incubated with tamoxifen for two days prior to the 199 experiment and induction was confirmed by the observation of multiple severe growth 200 defects ( Figure S2 where R t at time t is the ratio of fluorescence signals; F int and F per are the internal to the 210 cell and at its perimeter, respectively; R o is the initial fluorescence signal ratio or offset; 211 R max is the maximum amplitude of the fluorescence ratio; and k is the rate constant for 212 8 internalization. Curve fittings were carried out jointly with data from the different lines 213 while holding one or more of these parameters constant between data sets to minimize the 214 number of free parameters. The best and visually satisfactory fittings were obtained when 215 9 HDEL fluorescence in the tissue. However, in the presence of secretory antagonists such 244 as SYP121 ΔC , the secYFP is trapped within the cells and the secYFP/GFP ratio increases 245 (Grefen et al., 2015a) . When the secYFP/GFP-HDEL ratios were compared between the 246 different genotypes, wild-type roots expressing SYP121
ΔC elicited a higher level of 247 internal secYFP signal than when expressing secYFP and GFP-HDEL alone; however, 248 the two independent chc1 mutant alleles had a block in secretion regardless of the 249 presence of SYP121 ΔC (Figure 2 ). These data indicate that clathrin function affects 250 secretion pathways to the plasma membrane, as well as reduces the rate of endocytosis 251 from the plasma membrane. 252
253
The reduction in both endocytosis and secretion in the chc mutants prompted us to ask if 254 endocytosis is altered in a known secretory mutant. The Qa-SNARE, SYP121 is required 255 for secretory pathways to the PM, (Enami et al., 2009; Fasshauer et al., 1998; Geelen et 256 al., 2002; Geldner, 2004) , shown by a significant block of secretion in the syp121 null 257 mutant (Eisenach et al., 2012) . We hypothesized that if secretion is altered by defects in 258 clathrin endocytic machinery function, then endocytosis could be altered when secretory 259 machinery function is compromised. We generated new FM4-64 internalization 260 measurements to compare endocytic rates in Col-0, syp121, syp122, and chc1-2 and 261 chc2-1 mutant lines and calculated the halftime for each genotype. The internalization 262 halftime of the FM6-64 dye in syp121 mutants was greater than that in wild type, 263 indicating that endocytosis is reduced in the syp121 secretory mutant as well as in the 264 endocytic chc mutants compared to wild type ( Figure 3 ; Table 2 ). Endocytosis in the less 265 severe secretion mutant syp122 was not significantly affected. These data support a 266 model for the link between the functions of molecular machinery that mediate both 267 inward and outward patterns of vesicle transport. 268
269
The chc1 mutation affects stomatal function 270
The stomatal defect reported in the has1 mutant (Plessis et al., 2011) , inspired us to 271 investigate the stomatal activity in the other chc mutants in more detail. For these 272 experiments, we applied exogenous Ca 2+ to mimic abcisic acid (ABA)-triggered stomatal 273 closure (Allen et al., 2001 (Allen et al., , 2002 Cho et al., 2009; Eisenach et al., 2012; to stimulate stomata closing (Allen et al., 2001; Eisenach et al., 2012) . The wild-type 279 stomata closed in response to the HB and reopened with DB treatment over the three 280 hours of treatment (Figure 4) . The has1 mutant stomata closed and reopened slower 281 under these treatment conditions over the measured time period. After induction, the 282 HUB1 line was unable to reopen after HB-induced stomatal closure. These data are 283 similar to that seen in plants treated with the endosomal recycling inhibitor Brefeldin A 284 (Eisenach et al., 2012; Geldner et al., 2001; Nebenführ et al., 2002) and underscore the 285 requirement for both endo-and exocytotic pathways in stomatal function, for which 286 clathrin is required. We also measured the transpiration in whole plants to assess the 287 stomatal dynamics of another chc1 mutant allele in response to changing CO 2 levels 288 ( Figure 4C ). The results were consistent with the previous stomatal aperture 289 measurements in has1 and identify both a slower closing and re-opening of stomata, 290 which could contribute to the overall chc1 mutant phenotype. 291
292
We hypothesized that the endocytosis defects observed in the roots of chc1 mutants could 293 represent a similar defect in stomata and contribute to their defective behavior. We 294 infused leaves of Arabidopsis wild type and mutant lines with FM4-64 and measured its 295 internalization over time in guard cells using a similar methodology described for root 296 epidermal cells. While FM dyes are reported to label endosomal compartments in guard 297 cells of Vica faba (Meckel et al., 2004) , quantitative measurement of FM dye uptake for 298 endocytic analysis in Arabidopsis guard cells is not frequently reported. We found that 299 the vacuum infusion of fully expanded leaves provided the best images for assessing 300 membrane and internal compartment labeling in Arabidopsis guard cells using a 40x 301 objective under oil immersion. We again observed a significantly slower rate of 302 internalization of FM4-64 in the chc1 guard cells compared to the wild type, indicating 303 that the reduction in endocytosis in the chc1 mutants is not cell-type specific and also 304 correlates to the stomatal defect in the clathrin mutants ( Figure 4D ; Table 3 ). 305
Loss of clathrin function results in growth defects in chc mutant alleles 307
The has1 mutant was initially identified through a thermoimaging screen of a mutant 308 population and has stomata that are more closed under water stress (Plessis et al., 2011) , 309 consistent with the stomatal phenotype we describe for chc1 mutants in this report 310 (Figure 4) . Indeed, the has1, chc1, and chc2 mutant alleles showed reduced water loss 311 under rapid dehydration conditions compared to wild-type plants ( Figure 5A ). Thus, like 312 the has1 mutant, other chc mutants are more tolerant to water loss than wild-type plants. 313
314
We asked whether the dehydration-tolerant phenotype of the chc mutants might translate 315 to changes in plant growth during longer periods of water stress in soil. Wild type and 316 chc mutant plants were grown in well-watered conditions for three weeks before all 317 watering was stopped for 15 days and plant appearance was monitored. To quantify these 318 differences, the ratio of the fresh and dry weights was determined from rosettes sampled 319 from each line and used as an index for water loss. In plants subjected to dehydration, we 320 expected the fresh/dry weight ratios to decrease; these ratios were significantly lower in 321 the chc1 and chc2 mutants than in wild-type plants ( Figure 5B ). These measurements are 322 consistent with the visual appearance of chc1 and chc2 mutants, which had less visible 323 wilting after nine days of dehydration ( Figure 5C ). 324
325
We also examined dehydration tolerance in two dominant-negative HUB1 lines (Liu et 326 al., 1995) to confirm the clathrin-dependent effect. This construct has been successfully 327 expressed in plants to investigate the requirement for CME in cell function (Kitakura et 328 al., 2011; Robert et al., 2010; Tahara et al., 2007) . For our experiments, all genotypes 329 were treated with 2 μM of tamoxifen for two days before watering was stopped and 330 parallel experiments without tamoxifen treatment were conducted as a control. When 331 induced with tamoxifen, two independent HUB1 lines presented a dehydration-tolerant 332 phenotype compared to the wild type ( Figure S3 ). All of the dehydration stress results 333 compare favorably with the initial has1 phenotype (Plessis, et al., 2011) Figure 6C ), which is consistent with stomata that are in general more often 358 closed. All together, these data underscore the requirement for clathrin function during 359 plant growth under conditions that increase photosynthetic activity and require well-360 regulated stomatal movements. 361
362
Discussion 363
364
The impact of secretory inhibition on cell function is well documented and several 365 reports show that prolonged inhibition of secretory pathways ultimately affect 366 endocytosis (Geldner et al., 2001; Nebenführ et al., 2002; Richter et al., 2007) . These 367 reports, however, are mainly based on studies with inhibitors like Brefeldin A (BFA) that 368 broadly affect traffic through the Golgi and the trans-Golgi Network (TGN), which 369 serves as a hub for both endo-and exocytic trafficking pathways in plants. Thus 
Endocytosis and exocytosis are linked pathways that can mutually affect each other 382
While endocytosis was previously examined in chc1 and chc2 mutants (Kitakura et al., 383 2011), the rates of this traffic have not been measured directly in order to link the 384 consequences of the reduction in endocytosis to a physiological behavior. We found that 385 single mutations in CHC1 or CHC2 decrease the rate of endocytosis, increasing the 386 halftime for FM4-64 internalization by roughly 4-fold compared to that of wild-type cells 387 (Figure 1 ). Kitakura et al. (2011) also used FM4-64 internalization to assay endocytosis 388 in chc mutants and end-point measurements after six minutes, an approach that did not 389 detect differences in endocytic rates that are evident with a multiple measurement time 390 course experiment. Thus, our endocytic rate analysis is consistent with their end-point 391 results, improves the characterization of chc1 endocytic defects, and highlights the 392 importance of a kinetic analysis of vesicle traffic in these circumstances. The results from 393 the single chc1 and chc2 mutants indicate a partial block in clathrin function has a 394 negative impact on plant cell growth and regulation. This requirement for clathrin-395 dependent vesicle traffic for plant cell growth may not be surprising when considered 396 with the role clathrin plays in auxin efflux and plant development (Tahara et al., 2007; 397 Wang et al., 2013; Yu et al., 2016) . 398
Current models of the relationship between endo-and exocytosis are based primarily on 400 experiments with BFA and suggest that an extended block of exocytosis leads to the 401 accumulation of vesicles from endocytic pathways within so-called BFA compartments. 402
The BFA sensitivity of these pathways are related to ARF-GEF protein inhibition and the 403 consequences for the associated GTPases (Geldner, 2004; Nebenführ et al., 2002; Richter 404 et al., 2007; Robinson et al., 2008; Teh and Moore, 2007) . In both cases, these ARF-405
GEFs serve as regulators of trafficking pathways and associate with endosomal 406 compartments that are integral to recycling patterns at the plasma membrane (Geldner, 407 2004) ; thus, they target the junctions between endo-and exocytic processes. In contrast, 408
we show here through direct mutation of the clathrin machinery that traffic to the plasma 409 membrane is impaired when the major regulator of endocytosis at the plasma membrane 410 is compromised ( Such impairment in re-opening is surprising because opening is normally associated with 432 exocytic traffic as the guard cell expands and its surface area increases. Indeed, these 433 observations parallel those in the SNARE mutant, syp121, which also fails to re-open the 434 stomata after Ca 2+ -induced closure (Eisenach et al., 2012) . Our findings also juxtapose 435 earlier observations that the dominant-negative SYP121 ΔC fragment interferes with K + 436 channel regulation and stomatal closure (Leyman, et al. 1999; Sokolovski, et al. 2008) ; 437 although SYP121 ΔC acts primarily by blocking exocytosis (Geelen et al., 2002; Grefen et 438 al., 2015b; Karnik et al., 2015; Tyrrell et al., 2007) . Our secretion analysis in both chc 439 and syp121 mutants show that both endo-and exocytosis are impaired (Figures 1-3) . 440
These results demonstrate a dependence on both secretion and endocytosis in stomatal 441 opening as well as closing, highlighting the close coordination between the two sides of 442 the trafficking cycle; indeed, the reduced endocytosis we measured in chc1 mutant guard 443 cells confirms that vesicle traffic at the plasma membrane in these cells are compromised 444 and contributes to the mutant phenotype ( Figure 4D ). We cannot rule out the function of 445 clathrin at other endomembrane compartments that are also involved in cell growth and 446 function, and certainly secretion could be affected by the inhibition of clathrin-mediated 447 vesicle formation at the Golgi or TGN (Puertollano et al., 2001) ; however, our results 448 clearly show the effects the chc single mutants have on vesicle traffic at the plasma 449 membrane. Furthermore, the juxtaposition of the syp121 mutant phenotypes suggests that 450 the block of secretion we observe in chc mutant plants is potentially an immediate effect 451 of the clathrin mutations on vesicle traffic at the plasma membrane (Figures 1-4) . During 452 stomatal opening, the requirement for both secretion and endocytosis to regulate cell 453 expansion may exacerbate the mutant phenotype, presenting the effects we observed in 454 stomatal reopening, transpiration, and plant growth. Further experimentation will focus 455 on stomatal conductance kinetics and in exploring the nuance of vesicle trafficking 456 during guard cell dynamics. 457 458
Physiological consequences of defective CHC function 459
That each of the chc1 and chc2 mutant alleles has a dehydration-tolerant phenotype 460 ( Figure 5 ) consistent with previous findings that the chc1 mutants close their stomata in 461 response to low concentrations of exogenous ABA (Plessis et al., 2011) . These 462 observations indicate that the plants either are better able to "sense" water loss or are 463 deficient in their ability to closely regulate transpiration compared to wild-type plants. 464
The chc mutant plants are smaller under our growing conditions compared to wild type 465 and are substantially smaller still when grown under high light and low humidity (Figures 466 5, 6) . Much like what has been demonstrated in the syp121 mutant, this reduction in 467 growth is most likely the result of reduced photosynthetic activity arising from the 468 disrupted gas exchange/water regulation in the mutants, consistent with the reduced 469 transpiration rates we observed ( Figure 6C ). The growth phenotypes under these different 470 water-stress conditions correlate well with the stomatal phenotype we observed in the chc 471 mutants and mirror those of the syp121 mutant (Eisenach et al., 2012) . Again, the 472 similarities between the growth phenotypes of the endocytic (chc) and exocytic mutants 473 
Plant Material and Growth Conditions 483
Seed was surface sterilized with 20% sodium hypochlorite for 20 minutes at room 484 temperature and then washed 5-6 times in sterile water. Seed was then stratified in the 485 dark for 48 h at 4C before use. Arabidopsis thaliana mutants chc1-1 (SALK_112213), 486 chc1-2 (SALK_103252), chc1-3 (SALK_018351), chc2-1 (SALK_028826), and chc2-3 487 (SALK_151638) in the Columbia-0 (Col-0) ecotype background were compared to that 488 of untransformed wild type (Col-0) in all experiments. After backcrossing to wild type 489 and segregation of the aba3-1 mutation, the has1 mutant was backcrossed twice to wild 490 type before analysis of mutant phenotypes. 491 492
Map-based cloning and sequencing 493
For mapping, leaf temperature of F2 progeny from crosses between aba3-11 and has1 494 aba3-1 was analyzed by thermal imaging and DNA extracted in a 96-tube format. The 495 mapping interval was then determined after genotyping F2 plants using simple sequence 496 length polymorphism (SSLP) markers, as described by Plessis et al. (2011) . Genome 497 sequencing was carried out on the has1 aba3-1 mutant, after two backcrosses to the 498 aba3-1 mutant. DNA was isolated as described by Sechet et al. (2015) and sequencing 499 was performed by TGAC (Norwich, UK) using an Illumina HiSeq 2000® sequencer. 500 501
Water stress experiments 502
Rapid dehydration assays were carried out using three-week-old plants grown in the 503 glasshouse (18-28°C, minimum 13 h photoperiod). Four rosettes per genotype were cut 504 from the root system, placed abaxial face up on a support of absorbent paper and 505 aluminium foil, and weighed before being placed in a lamina flow hood at ambient 506 temperature. Plants were subsequently weighed at regular intervals to determine the rate 507 of water loss (North et al., 2005) . For phenotypic analysis of chc mutants under drought 508 conditions, plants were grown on soil under a 10 h light /14 h dark (150 μmol m −2 s −1 ) at 509 18-22°C. For each genotype, 8 plants were watered every other day with 20 ml of water 510 for two weeks, after which watering for 4 plants from each genotype was stopped for 12 511 days. Watering was continued for the other four plants from each genotype (Plessis et al., 512 2011) . Images were taken every day after watering stopped for the drought cohort and on 513 day 12 rosettes were collected and the fresh weight was measured. 514 515
Light and humidity growth conditions 516
Single plants were grown from seed in 6 cm pots and watered with tap water regularly for 517 three weeks under either 70 or 150 μmol m -2 s -1 light intensity in short day conditions (8 h 518
light/16 h dark). In each of these light conditions, plants were either covered with a 519 plastic dome to give >98% relative humidity (RH), or left uncovered (60% RH). Plants 520
were imaged 20 d after germination. 521 522
Stomatal aperture measurements 523
Epidermal peels were mounted in a custom flow chamber and pre-incubated for 2 h in 524 depolarization buffer (DB=10 mM MES-NaOH pH 6.15, 60 mM KCl). Sets of individual 525 stomata were imaged throughout with continuous superfusion using a Leica SMD SP8 526 confocal microscope (Leica Microsystems, Wetzlar, Germany). To induce stomatal 527 closure, peels were treated with hyperpolarization buffer for 20 min (HB=10 mM MES-528 NaOH pH 6.15, 0.1 mM KCl, 6 mM CaCl 2 ). To induce reopening of stomata, DB was 529 introduced into the chamber to replace the HB. Stomatal apertures were analyzed from 530 three independent experiments (N=22-30 stomata/genotype) using ImageJ v.1.48p 531 (www.ImageJ.org). Chloroplast movement was used to confirm living stomata were 532 measured. Apertures were normalized on a cell-by-cell basis to measurements taken at 533 the end of the pre-incubation period. 534
535

Genotypic analysis 536
To isolate genomic DNA, 5-10 day-old seedlings grown in liquid 0.05 X MS medium 537 were collected in 2-ml Eppendorf tubes, flash frozen on liquid nitrogen, and ground to a 538 powder. A volume of 500 μl of Extraction Buffer (0.2 M Tris-HCl pH8; 0.4 M LiCl; 1% 539 SDS; 25 mM EDTA pH 8) was added to each sample and mixed by vortexing. Samples 540 were centrifuged at maximum speed for 10 min and the supernatant transferred to clean 541 2-ml tubes. Isopropanol was added to each tube at twice the sample volume and gently 542 mixed by inversion, incubated at RT for 1 h, and centrifuged at 25,000 x g for 10 min. 543
Supernatants were decanted and the pelleted genomic DNA was allowed to dry before 544 being resuspended in 50 μl of sterile water for use as PCR templates. 545 546 RNA was isolated from 5-10 day-old seedlings grown in liquid 0.05 X MS medium using 547 the RNeasy Mini-Kit for plants (Qiagen, Hilden, Germany) . To produce cDNA templates 548 for RT-PCR, this RNA was used in the QuantiTect RT cDNA synthesis kit (Qiagen), 549 following the manufacturer instructions. Gene-specific primers to identify the mutant 550 alleles of chc1 and chc2 (Kitsakura et al. 2011) were used for genomic and RT-PCR 551 amplification. KOD Hot-Start DNA polymerase was used according to the manufacturer 552 instructions (Merk Milipore, Darmstadt, Germany). Volumes of 10-20 μl of the products 553 were resolved on a 1.5% agarose gel. 554 555
FM4-64 labeling and endocytosis measurements 556
Endocytosis rates were measured in Col-0, has1 and chc mutants, and two HUB1 557 inducible lines grown with and without 2 µM tamoxifen to induce expression. Seedlings 558 were stained for 1 min with 10 µM FM4-64 at 20C. After FM4-64 washout, dye 559 internalization was imaged over the course of 30 min using a Leica SMD SP8 confocal 560 microscope. FM4-64 signal was excited using the 488 nm laser line and emission was 561 detected over 620-780 nm after monochromatic beam splitting. Internalization was 562 calculated per cell (N>30/genotype) as the ratio of the internal (F int ) and plasma 563 membrane (F per ) signals, the latter defined as a 1 µm depth within the perimeter 564 determined from bright field images of the cell wall border. Rates for internalization were 565 calculated from joint fittings to an exponential function (Equation [1]) with best fitting 566 obtained assuming a common value for R max between genotypes. In every case, 567 internalization rates were compared by ANOVA with data from at least three independent 568
experiments. 569
For FM4-64 measurements in guard cells, leaves from 3-4 week-old plants grown under 570 short-day light conditions were vacuum infiltrated with 20 µM FM4-64 at 20C using a 571 10 ml syringe. Leaves were immediately mounted on slides for imaging. Stomata were 572 imaged with a 40X objective; images were taken every 3-5 min for a total of 30 min. 573 FM4-64 internalization was measured using the same technique described for root 574 epidermal cells. A ratio of the internal/external fluorescence values was used to calculate 575 the rate of internalization from pooled data from 3-6 stomata per genotype. More than 576 five regions of interest (ROI) from each time point were used in the internalization 577 calculations. Error bars=±SE. Rates of internalization were calculated from the single 578 exponential function in SigmaPlot v11.0 (Systat Software, San Jose, CA). In every case, 579 internalization rates were compared by ANOVA with data from at least four independent 580 stomata. 
Analysis of secretion in roots 584
Sterilized and stratified seed was sown into 1 ml of 0.05 X MS in 12-well plates. 585
Transient transformations were carried out with the pTecG-2in1 vector (Karnik, et al. 586 2013) following the protocol of Grefen, et al. (2010) . The inoculation solutions were 587 added to the appropriate wells containing 3-day-old seedlings, and roots were imaged 3-4 588 d after co-incubation. The GFP and YFP fluorophores were excited using 440-and 514-589 nm laser lines, respectively. After chromatic separation, GFP fluorescence was collected 590 over 475-520 nm and YFP fluorescence was collected over 535-600 nm. Fluorescence 591 images were rendered as 3D projections and quantification of fluorescence intensities 592 from the roots were calculated after subtracting the mean background fluorescence 593 collected from similarly rendered projections of untransformed seedlings grown in 594 parallel in each experiment (Karnik et al., 2013) . 595 596
Steady state whole-plant transpiration measurements 597
Wild-type and mutant Arabidopsis plants were grown on soil for three weeks under 70 or 598 150 μmol m -2 s -1 light short-day conditions at 60% RH and 22C. Using a LI-6400XT 599 portable photosynthesis system (LI-COR Biosciences, Inc. Lincoln, NE USA), 600 measurements were collected every 10 s for 3 min using the whole plant chamber to 601 maintain the light, humidity, and temperature conditions in which each plant had been 602 grown. 
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